Angle-domain common image gather is a powerful tool for migration velocity updating and AVA analysis. We present a method to compute the angle gather from the wavefields reconstructed by either acoustic or isotropic elastic RTM. A slowness-based method is employed to decompose both source and receiver wavefields into superposition of local plane waves along different directions. For elastic RTM, Pand S-modes are separated simultaneously with the plane wave decomposition. Local image matrix (LIM), which is a collection of angle-domain partial images, is constructed by cross-correlating the decomposed plane wave components from both source and receiver sides. Finally, the angle gather is obtained by sorting the energy in LIM. Numerical examples show that the technique can successfully extract angle gathers for both acoustic and isotropic elastic medium.
Introduction
The depth migration can remove the propagation effects, allowing velocity or AVA analysis conducted at the subsurface. An optimal choice of these analyses is done in local angle domain because both velocity and reflectivity are functions of reflection angle (the angle between incident wave and normal direction of the reflector). Many methods have been developed for extracting angle information from the depth image. These methods fall into two categories. In the first category, angle-domain common image gathers (ADCIGs) are calculated from common image gathers with the extended time and/or space lags after the image process (Rickett and Sava, 2002; Fomel, 2005a, b, c, 2006) . Under the second category, both source and receiver wavefields are first decomposed into localized beams with different directions. And then ADCIGs are calculated from these localized beams. Wavefield decomposition can be carried under ray-based methods (de Bruin et al., 1990; Xu et al., 2001; Brandsberg-Dahl et al., 2003) as well as wave equation based migration, including one-way wave equation based methods (Prucha et al., 1999; Mosher and Foster, 2000; Xie and Wu, 2002; Chen, 2002, 2003; Soubaras, 2003) and RTM (Xie and Yang, 2008; Yan and Xie, 2009; Xu et al., 2010; Zhang et al., 2010) .
In this paper, we propose a method for calculating ADCIGs in both acoustic and elastic RTM. We first describe how to decompose the full wavefields into local plane waves. Then we construct the local image matrices (LIMs), and show how to calculate ADCIGs from the LIMs. Numerical examples are calculated to demonstrate ADCIGs from both acoustic and elastic RTM.
Angle decomposition
The implementation of RTM contains two steps: wavefield reconstruction and application of imaging condition. The wavefields are reconstructed by solving full wave equation. In the scope of this paper, the wave equation can be acoustic or isotopic elastic. The source wavefields are extrapolated from the shot location and the receiver wavefields are extrapolated with the recorded seismic data as the boundary condition. Both are output to disk for imaging and angle gather extraction. The formulation is for elastic scheme while the acoustic case can be easily deduced. To extract the angle gather, we first transform the elastic wavefields from time domain   ,t u x to frequency domain   , u x and then apply plane wave decomposition to separate the wavefields into plane P-waves and S-waves along different directions. It can be formulated as below: respectively. Shown in Figure 1a and 1b are samples of slowness analyses from source-and receiver-side. They provide the evidence for the proposed formulation. Though the analyses are performed in the entire slowness space, all energy peaks are located along two circles where the dispersion relation is satisfied. The peaks on the inner circle represent the energy of P-wave and the peaks on the outer circle represent the energy of S-wave. The polar angle of the peak reveals the propagation angle. Based on this fact, the angle information can be extracted by conducting the decomposition with slowness vectors only around the two circles. In this way, the computation time can be tremendously reduced.
For acoustic case, the reconstructed wavefields are scalar fields, the plane wave decomposition can be expressed as
( , , ) ,
The decomposition is performed along a single circle whose radius is 1 P v in the slowness space.
LIM and angle-domain common image gather
By applying the cross-correlation imaging condition to the decomposed local plane waves and stacking over multiple shots, we can obtain the angle-domain partial images: Figure 2 shows the relationship between the two coordinate systems.
For PP reflection, the coordinate transform is
and
For PS reflection, the coordinate transform can be expresses as 1 sin sin tan cos cos
where P v and S v are the average P-wave and S-wave velocities within the local spatial window at the image location. Figure 3a and 3b are the structures of 2D LIMs for PP and PS reflection. They are obtained from an image location on a reflector with a dipping angle of 15°. The horizontal and vertical axes of LIM are incident and scattering angles, respectively. For PP reflection, the main and secondary diagonals of the LIM are reflection angle and dipping angle. For PS reflection, the axis of the reflection angle is slightly curved. The curvature is determined by the ratio of P v to S v . In the PS LIM, there are two shadow zones where the incident P-wave and scattered S-wave cannot match the Snell's law. Unlike PP image, the PS image reach to zero at normal incidence and its polarity changes sign there. 
Illustrated in

Angle gather extraction for acoustic and isotropic elastic RTM
ADCIGs can be obtained by summing up all the elements in LIMs along the common reflection-angle line:
See Figure 3 .
Numerical examples
We use both acoustic and elastic models to demonstrate how the proposed method works on angle gather extraction.
Shown in Figure 4 is a five-layer velocity model. We carry out a seismic experiment with 51 shots spaced 0.144 km, each of them shooting in 200 bilateral receivers with an interval of 0.024 km. The dominate frequency of Ricker wavelet is 20 Hz. The direct waves in the synthetic seismic data are muted. A 2D fourth-order acoustic finite difference code is used to extrapolate the wavefields. Shown in Figure  5 are ADCIGs extracted from true and incorrect velocity models. The ADCIGs are calculated at horizontal locations 1.2 km, 2.4 km, 3.6 km, 4.8 km and 6.0 km. Normal incidences are automatically aligned on the center line. The range of the reflection angle is -90°-90°. Some artifacts appear around reflection angle ±90°. Those artifacts result from the unwanted cross-correlation of head waves, diving waves and backscattered waves at the imaging step (Yoon et.al, 2004) . The flat gather is from the true velocity model. The breadth of angle gather decreases with depths due to the illumination effects. The gathers curved down are from the velocity model with +8% perturbations, while the gathers curved up are from the velocity model with -8% perturbations. The angle range is -60°-60°.
